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thing, is that, even during the quenching of the most
simple specimens of steel imaginable, the outside akin
is subjected to a stress which may be of considerable
magnitude, though this stress, when it is due simply to
ordinary thermal expansion and contraction, is in no
normal case large enough to cause fracture.

The abnormal changes of volume which occur during
heat treatment, and more particularly during hardening,
must now be considered. At the beginning of this chapter
it was shown that at certain temperatures, known as the
critical temperatures, the steel undergoes definite struc-
tural changes, and it was further shown that there was a
distinct similarity between this occurrence and the freezing
of a liquid solution, such as salt in water. The similarity
between the two systems may be extended beyond fche
limits described above, by recalling what happens when
water freezes in a bathroom pipe, or in the water jacket
of a motor-car cylinder. It is not at all uncommon,
under these circumstances, for the bath pipe or the cylinder
jacket to burst, in consequence of the fact that, at the
time of freezing, the water expands by a considerable
amount. Precisely similar changes occur in the steel
at the critical temperature. When a steel cools through
its lower critical temperature it expands, and when it
is heated through this temperature it contracts, i.e., it
suffers an abnormal volume change at the critical tempera-
tures. The nature of the volume changes can be seen
most easily from the curves given in Fig. 39. It is to
be observed particularly, that the abnormal change of
volume which occurs at the critical temperature during
heating or cooling, is exactly the reverse of the normal
changes which are occurring during the same process,
i.e., that the cooling steel which normally is contracting,
expands suddenly at the critical temperature, and that
the steel during heating contracts at the critical tempera-
ture. There is, however, an important difference between
the normal and the abnormal changes of volume. The
normal changes of volume are practically independent of